A selective medium, Clostridium butyricum isolation medium (BIM), is described for the isolation of C. butyricum from human feces. The BIM is a synthetic minimal medium and contains trimethoprim (16 ,ug/ml), D-cycloserine (10 ,ug/ml), and polymyxin B sulfate (20 ,ug/ml) as selective inhibitory agents. Qualitative tests indicated that C. butyricum and other butyric acid-producing clostridia grew on BIM, Clostridium sphenoides and Bacillus cereus produced small colonies, and other clostridia and other obligate anaerobic or facultatively anerobic bacteria were inhibited. Quantitative recovery of C. butyricum from cultures or seeded fecal samples was comparable with BIM and with complex medium, but the quantitative recovery of the other butyric acidproducing clostridia tested (C. beijerinckii, C. acetobutylicum) was lower with BIM than with complex medium. The BIM should aid the rapid isolation of C. butyricum from fecal samples and should be useful for bacteriological investigation of neonatal necrotizing enterocolitis.
Clostridium butyricum has been incriminated in some cases of neonatal necrotizing enterocolitis (8, 10, 15, 19) . This organism was present at high levels in the feces of these infants. However, C. butyricum was also recovered from stools of normal newborns. Neonatal necrotizing enterocolitis has multifactorial origin, and bacteria, especially clostridia, seem to play a central role in the initiation of intestinal lesions.
Qualitative and quantitative bacteriological examinations of fecal specimens are important methods for neonatal necrotizing enterocolitis etiological investigation. C. butyricum isolation is usually done by employing nonselective media designed for the recovery of clostridia. In a previous investigation of experimental infection in guinea pigs with C. butyricum, I recognized the need to use a selective medium for quantitative evaluation of this organism in intestinal content (manuscript in preparation). On the basis of the minimal medium for C. butyricum described by Cummins and Johnson (2) , I have developed a selective medium for the isolation of C. butyricum from feces.
MATERIALS AND METHODS
Bacteria. I used 255 strains of bacteria: 34 strains of C. butyricum, 10 strains of Clostridium beijerinckii, 126 strains (39 species) of other clostridia, 24 strains (14 species) of nonspore-forming anaerobes, and 55 strains (52 species) of various facultatively anaerobic bacteria. C. butyricum and C. beijerinckii strains were identified by the method previously described (13) . For each species of Clostridium, the type strain listed in the Approved Lists (17) and obtained from the American Type Culture Collection was included. The other strains of clostridia and of non-spore-forming anaerobes were identified in our laboratory according to the manual of Holdeman et al. (7) . The facultatively anaerobic bacteria were obtained from various reference laboratories at the Pasteur Institute.
Isolation medium for C. butyricum. The basal medium used by Cummins and Johnson (2) for determining the nutritional requirements of C. butyricum was employed with some modifications of the buffer solution. Several antimicrobial agents in various concentrations were tested. The better results, allowing growth of C. butyricum and inhibition of other fecal bacteria, were obtained with trimethoprim, Dcycloserine, and polymyxin B sulfate (all from Sigma Chemical Co.). The concentration of each antimicrobial agent was defined in a preliminary experiment (see Table 1 ). The C. butyricum isolation mediumn (BIM) had the following composition: concentrated mineral salts solution, 100 ml; phosphate solution, 100 ml; iron sulfate (0.1% aqueous solution), 10 ml; biotin (0.002% aqueous solution), 0.25 ml; cysteinehydrochloride, 0.5 g; glucose, 10 g; agar, 15 g; trimethoprim, 16 mg; cycloserine, 10 mg; polymyxin B sulfate, 20 mg; distilled water, 790 ml. The pH was adjusted to pH 7.7, and the medium was autoclaved at 110°C for 20 min.
The concentrated mineral salts solution contained: NaCl, The colonies were counted after plate incubation for 48 h at 37°C in an anaerobic chamber. C. buityricuim spores, obtained in D medium (9) , were enumerated on BIM and VL plates after heat treatment of the culture at 80°C for 10 min.
BIM was also tested for C. butyricum recovery from seeded fecal specimens. A 1-g human fecal sample was homogenized in 3 ml of FBM. Then 1 volume of a 1:10 dilution of the overnight C. butyricum cell suspension in Trypticase-yeast extract-glucose broth was mixed with 4 volumes of fecal suspension and 0. (Table 3) . Small differences between the number of colonies on the three media appeared for C. butyricuim reference strains or isolates, and the C. beijerinckii and C. acetobutylicum recovery on BIM was low compared with that obtained on VL medium.
Recovery of C. butyricum from seeded fecal samples. Eight strains of C. butyricum, one strain of C. beijerinckii, and 12 fecal human samples were tested for recovery of C. butyricum or C. beijerinckii from seeded feces. The numbers of colonies recovered on BIM from seeded fecal samples usually were 10 to 100% of the number obtained on VL medium for C. butyricum strains, but not for the C. beijerinckii strain (Table 4 ). The recovery rate of C. beijerinckii from seeded feces was 1% of the cells present in the inoculum.
The BIM inhibited the growth of the fecal flora. Only a few colonies that were smaller than 0.5 mm were present on plates inoculated with 1:10 dilutions of fecal samples. barkeri (1), C. bifermentans (2), C. botulinium A (1), C. botulinum D (1), C. botulinum E (1), C. cadaveris (1) , C. carnis (1), C. clostridiforme (2), C. cochlearium (1), C. difficile (11), C. glvcolicum (2), C. ghoni (2), C. histolyticum (1), C. innocuum (4) , C. limnosuin (1) , C. litiusebiurense (1), C. mnaleotominatum (2), C. mangenotii (2), C. perenne (2), C. perfringens (14) , C. putrificuim (1) , C. ramosuim (1), C. rectum (1), C. sardiniensis (2), C. septicuin (3) , C. sordellii (13) , C. sporogenes (2), C. sporosphaer-oides (1), C. subterminale (2), C. tetani (2), C. tertium (4); Bacteroides biv'ius (1), B. fragilis (4), B. melaninogenicus (1) , B. ureolyticus (1) ; Fusobacteriuim nucleatum (1), F. " These C. butvricu,n isolates were isolated from newborn feces (P.
Raibaud, Centre National de Recherches Zootechniques, Jouy-en-Josas, France).
DISCUSSION
The methods routinely used for isolation of C. butyricum from fecal samples are those described for most clostridia and include spore selection techniques by heat or alcohol treatment and the use of blood agar or egg yolk agar with neomycin and cycloserine (18) or with kanamycin (20) . But these methods allow the growth of a wide variety of clostridia and other bacteria from fecal flora.
Cummins and Johnson (2) reported that C. butyricum but not C. beijerinckii strains grew on a basal glucose-mineral salts medium supplemented with biotin. Our observations showed that (i) both C. butyricum and C. beijerinckii strains grew on fluid BM, (ii) some C. beijerinckii strains produced colonies smaller than C. butyricum, and (iii) the quantitative recovery of C. beijerinckii strains on BIM was less efficient than that of C. butyricum strains (Tables 3 and 4 ). The use of the BM allowed the growth of some BAPC, principally C. butyricum, and inhibited the growth of the proteolytic clostridia and other clostridia with more complex nutritional requirements.
The incorporation of cycloserine, trimethoprim, and polymyxin B in BM improved the selectivity of this medium. The cycloserine had previously been used for the isolation of Clostridium perfringens (6) and Clostridium difficile (21); the cycloserine-cefoxitine combination had been used for the isolation of C. difficile (4) ; the cycloserine-trimethoprimsulfamethoxazole combination had been used for the isolation and enumeration of clostridia in human feces (14) ; and polymyxin associated with oleandomycin and sulfadiazin had been used for C. perfringens quantitation in foods (5, 6) . Although many C. butyricum isolates from human sources produce a P-lactamase (11, 12) , ,B-lactam antibiotics would not be satisfactory for the isolation of those C. buvyricum strains that do not produce a ,-lactamase. With BIM, some of the BAPC could be recovered from fecal specimens, whereas the majority of other fecal microorganisms were inhibited. Among the other bacteria, B. cereus strains and some C. sphenoides strains grew on BIM. The colonies of these organisms were circular and small and could be distinguished easily from BAPC colonies. No obvious differences were observed among the colonies of the different BAPC. However, C. butyricum is the main BAPC isolated from human feces (13) and is quantitatively recovered on BIM. If the number of C. butyricum organisms is low in fecal samples, fluid BIM could be used as enrichment medium before inoculation of BIM plates.
Our data also indicate that BIM, with some modifications, can be used for the isolation of some other BAPC, such as C. acetobutylicum. The recovery of BAPC from soil specimens was not attempted.
